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@ Ultraviolet-stable copolymer. Process for producing the same, and coating composition containing the same. 

@ Provided herein are a copoiymer obtained by copolymeriz- 
ing at least an ultraviolet-stable polymerizable monomer and a 
cyctoalkyi group-containing polymerizable monomer, a process 
for producing said copolymer, and a coating composition 
containing said copolymer. The copolymers retains outstanding 
weather resistance over a long period of time owing to the 
multiplicaled effect of an ultraviolet-stable monomer and a 
cycloalkyi group-containing polymerizable monomer, and the 
coating composition containing the copolymer forms a coating 
film having superior gloss, buildability. solvent resistance, and 
chemical resistance. 
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Description 

UtTRAVIOLET-STABLE COPOLYMER, PROCESS FOR PRODUCING THE SAME, AND COATING 

COMPOSITION CONTAINING THE SAME 



5 

BACKGROUND OF THE INVENTION 



1, Field of the Invention: 

10 The present invention relates to a highly weather-resistant copolymer, a process for producing the same, 
and a coating composition made from the same. More particularly, it is concerned with a copolymer useful as a 
coating material, ink, adhesive, fiber treatment, and the like, and also with a coating composition made from 
said copolymer which forms a coating film having not only long-lasting good weather resistance but also good 
drying property, good gloss, good buildability, and good solvent resistance. 

15 

2. Description of the Prior Art: 

Among important coating materials is acrylic resin and methacrylic resin (which are collectively referred to 
as (meth)acrylic resin hereinafter). The typical uses of (meth)acrylic resin in the coating area are as lacquers 
and curable coating materials. Lacquers are commonly used for the coating of building materials, wood 

20 products, and plastics products because of their easy usage. All required for lacquer coating is to apply a 
lacquer as such to a substrate and let it dry. Curable coating materials are a composition composed of an 
acrylic polyol and a crosslinking agent. The acrylic polyol is produced by copolymerizing hydroxy! 
group-containing monomers such as hydroxyethyl (meth)acrylate with other polymer. The cross-linking agent 
is a polyisocyanate compound or aminoplast resin. The curable compositions are either of room 

25 temperature-curable type or thermosetting type. The coating materials based on the curable resin 
composition are used for automobiles, home appliances, steel machines, building materials and so on 
because of their better durability compared with the above-mentioned lacquers. 

The coating resin compositions used in the application areas where the coating film with a good-looking 
appearance is required are usually based on a copolymer containing 30-60 wto/o of aromatic curable monomer 

30 to impart good gloss, buildability, solvent resistance, and chemical resistance. Unfortunately, the resin 
composition based on a copolymer containing a large amount of aromatic monomer provides a coating film 
which is poor in weather resistance, and consequently it is incorporated with an ultraviolet stabilizer or 
ultraviolet absorber so that it can be put to practical use, especially under sever condition. 
There has recently been proposed the use of an ultraviolet-absorbing vinyl monomer (as a comonomer) in 

35 place of the extemally added ultraviolet stabilizer or absorber. (See Japanese Patent Publication 
No, 42751/1986.) This new technology is effective in improving the weather resistance of the composition to 
some extent, but is not satisfactory when it comes to long term weather resistance. 

Unfortunately, the coating resin composition having the improved weather resistance resulting from the 
incorporation of an ultraviolet stabilizer or absorber in the absence of aromatic vinil monomer or by in the 

40 absence of aromatic vinyl monomer the copolymerization with an ultraviolet absorbing monomer does not 
necessarily provide a coating film with good gloss, buildability, and appearance. 



BRIEF SUMMARY OF THE INVENTION 

45 

It is an object of the present invention to provide an ultraviolet-stable copolymer which useful for paint, ink, 
adhesive agent, fiber treating agent, paper treating agent having outstanding long-term weather resistance. 
It is another object of the present invention to provide a process for producing said copolynrier 
It is further another object of the present invention to provide a coating resin composition containing said 
50 copolymer. 

The coating resin composition pertaining to the present invention can be used in a variety of application 
areas including lacquer, coating material (such as two-pack urethane paint, room-temperature curable paint, 
and thermosetting paint) where good weather resistance is required. In addition, the coating resin 
composition forms a coating film which exhibits outstanding weather resistance over a long period of time 
55 without sacrificing drying property, hardness, gloss, buildability, solvent resistance, and chemical resistance. 
More over, the coating resin composition forms a weather-resistant coating film which retains gloss over a 
long period of time and has improved discoloration resistance, cracking resistance, and blister resistance. 

These and other objects of the invention will become more apparent in the detailed description and 
examples which follow. 

60 

DETAILED DESCRIPTION OF THE INVENTION 
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. , r,roc..nt invention is obtained by copolymerizing an ultraviolet-stable polymerlzable 

^'''J.TSTnH I^IZmoIZ-c^^^ monomer (b). Upon curing with a crosslinking 

au^e iolt^heVt^^ U is typlc^ly a compound composed of a hindered pipend^y, group and at least 
one polymerlzable unsaturated group as represented by the general formula (I) below. 
O 

II 10 
Ri X-C-C = CH 

15 




H3C I I CH3 

Y 



whPre R, denotes a hydrogen atom or cyano group: R2 and R3 Independently denote a hydrogen atom or alkyi 
group havtg carS aims; X denotes an imino group or oxygen atom; and Y denotes a hydrogen atom. 
alkyI group having 1-18 carbon atoms, or 



-C - C = CH 

II I I 

O R3 



^^^^'^k"' TH\'^Lnri IhfcJctoykTS^^ polymerlzable monomer (b) is an Indispensable 

S pS^^^^ effect in improving the long-term weather resistance.) The monon.er (b) .s typ.cally 

represented by the general formula (II) below. 



CH2 = C 
I 



20 



25 



30 



35 



1 40 

O 



45 



50 



Where R4 denotes a hydrogen atom or alkyI group having 1-2 carbon atoms; and Z denotes a cyoloalkyl group 
"TxaSs'onhe\Cg-S hSiTg 1-2 carbon atoms represented by R. Rs. and R. ir, the above formu'as 

mw^fm 

^^Smptes o^^^^ polymerizable monomer (a) include 

4-(meth)acryloyloxy-2,2.6.6-tetramethylpyperidine, 

4-(meth)acryloylamino-2.2.6.6-tetramethylpipendine. 

4-(met)acryloyloxy-1.2.2,6.6-pentamethylpiperidine. 

4-(meth)acryloylamino-1 ,2.2.6. 6-pentamethylpiperidine, 

4-cvano-4-(meth)acryloylamino-2.2.6.6-tetramethylpiperidme, 

1- (meth)acryloyl-4-(meth)acryloylamino-2.2.6.6-tetramethylpipendine. 

1-(neth)acryloyl-4-cyano-4.(meth)acryloylamino-2.2.6.6-tetramethylpipendine. 

4-crotonoyloxy-2.2,6.6-tetramethylpiperidine. 
4-crotonoylamino-2.2.6.6-tetramethylpiperidine. and 
1-crotonoyi-4-crotonoyloxy-2.2.6.6-tetramethylpipendine. 



3 



tSDOCI D: < EP_. _ 033Z2A4A2J , > 



EP 0 337 744 A2 



These monomers may be used alone or in combination with one another. 

Examples of the cycloalkyi group-containing polymerizable monomer (b) include cyclohexyl (meth)acrylate. 

methylcyclohexyi (meth)acrylate, and ferr-butylcyclohexyl (meth)acrylate. These monomers may be used 

alone or in combination with one another. 
5 The ultraviolet-stable polymerizable monomer (a) and the cycloalkyi group-containing polymerizable 

monomer (b) provide a copolymer which is by far superior in weather resistance to a polymer obtained from 

the monomer (a) or (b) alone. In other words, the monomers (a) and (b) produce a dramatic synergistic effect. 

which makes the copolymer comparable to fluoroplastics in weather resistance even when the copolymer 

contains acrylic monomers as the major constituent. 
10 The monomers (a) and (b) may be used in any ratio to produce the copolymer trom them. Usually, the 

monomer (a) should be used in an amount of 0.1 to 95.0 wto/o. and the monomer (b) should be used in an 

amount of 99.9 to 5.0 wto/o. With the monomer (a) in an amount less than 0.1 wto/o. the resulting copolymer 

lacks sufficient weather resistance and has drying property and leveling property which are incompatible with 

each other. With the monomer (a) in an amount more than 95.0 wto/o. the resulting copolymer contains less 
15 than 5.0 wto/o of the monomer (b) and hence gives a coating composition which forms a coating film having 

poor gloss, buildability. and appearance. Thus, the monomer (a) should be used in an amount of 0.2-50 wto/o. 

preferably 0.5-10 wto/o; and the monomer (b) should be used in an amount of 99.8-50 wfo/o. preferably 99.5-90 

wto/o. The monomer (a) wherein Y is illustrated as 

20 - C - C = Oil 
0 I i 
0 R2 R3 

25 is preferably applied for emulsion polymerization and suspension polymerization- 
According to the present invention, the monomers (a) and (b) may be used in combination with a third 
polymerizable monomer (c) to form the copolymer. Examples of the monomer (c) include the following. 

• Alkyl ester of (meth)acrylic acid such as methyl (meth) aery late, ethyl {meth)acrylate. propyl (meth)acrylate, 
isopropyl (meth) aery late, butyl (meth)acrylate. isobutyl (meth)acrylate. ferf-butyl (meth)acrylate, 2-ethylhexyl 

30 (meth)acrylate, lauryl {meth)acrylate, and stearyl {meth)acry!ate. 

• Epoxy group-containing polymerizable monomer such as glycidyl (meth)acrylate. 

• Nitrogen-containing polymerizable monomer such as (meth)acrylamide. N.N'-dimethylaminoethyl {meth)ac- 
rylate. vinylpyrldine. and vinylimldazole. 

• Halogen-containing polymerizable monomer such as vinyl chloride and vinylidene chloride. 
35 • Aromatic polymerizable monomer such as a-methylstyrene and vinyltoluene. 

• Vinyl ester such as vinyl acetate. 

• Vinyl ether. 

• Polymerizable cyan compound such as {meth)acryIonitrile. 

• Carboxyl group-containing polymerizable monomer such as (meth)acrylic acid, crotonic acid, itaconic acid. 
40 maleic acid, and maleic anhydride. 

Sulfonic group-containing polymerizable monomer such as vinylsulfonic acid, styrenesulfonic acid, and 
sulfoethyl {meth)acrylate. 

• Acid phosphate ester-based polymerizable monomer such as 2-(meth)acryloyloxyethyl acid phosphate, 
2-(meth)acryloyloxypropyl acid phosphate. 2-{meth)acryIoloxy-3-chloropropyl acid phosphate, and 2-methac- 

45 ryloyloxy-ethylphenyl phosphate. 

• Hydroxyl group-containing polymerizable monomer such as hydroxyethyl (meth)acrylate. hydroxypropyl 
(meth)acrylate. caprolactone-modified hydroxy (meth)acrylate ("Placsel FM" made by Daisel Chemical 
Industries Co., Ltd.), and mono{meth)acrylate of polyester diol obtained from phthalic acid and propylene 
glycol. 

50 • Optional ultaviolet-absorbing monomer such as 2-hydroxy-4-(3-(meth)acryloxy-2-hydroxypropoxy)benzo- 
phenone and 2.2'-dihydroxy-4-(3-(meth)acryloxy-2-hydroxypropoxy)benzophenone. which are obtained by 
the reaction of 2.4-dihydroxybenzophenone or 2.2',4-trihydroxybenzophenone with glycidyl (meth)acrylate. 
The above-mentioned monomers (c) may be used alone or in combination with one another. 
The monomer (c) should be used in such an amount that the copolymer containing it has no adverse effect 

55 on the resulting coating resin composition. An adequate amount may be less than 94.9 wO/o of the total amount 
of the copolymer. When used in an amount of 0.1 wto/o and over, preferably 2 wto/o. and more preferably 5 wO/o. 
the monomer (c) gives the copolymer for the coating resin composition which forms a coating film having 
outstanding weather resistance, gloss, and buildability. Particulariy preferable among the above-mentioned 
examples of the monomer (c) are ferf-butyl (meth)acrylate and stearyl (meth)acrylate. It should be used in an 

60 amount less than 94.7 wto/o. preferably less than 50 wto/o. and more preferably less than 30 wto/o. An excessive 
amount of monomer (C) reduce the effect of the present invention. 

In the case where the polymerizable monomer (c) is a hydroxyl group-containing one selected from the 
above-mentioned examples, it should be used in such an amount that the resulting copolymer has a hydroxyl 
value of 0.1 to 200 mg KOH/g. When used in an amount equivalent to 0.1 mg KOH/g and over, preferably 10 mg 

65 KOH/g and over, and more preferably 20 mg KOH/g and over, it makes the resulting copolymer hydrophilic and 
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crosslinkable The hydrophilic nature is important when the copolymer is used as an acrylic lacquer or acrylic 
emulsion. The crosslinkable copolymer in combination with a crosslinking agent form a curable coating resm 
comoosition It should be used in an amount equivalent to 200 mg KOH/g and under, preferably 150 mg KOH/g 
and under, and more preferably 120 mg KOH/g and under. When used in an excessive amount, it will cause 
lowering the satability at the polymerization reaction and water stability. 5 

In the case where the polymerizable monomer (c) is one containing an acid functional group (such as 
carboxyl group and sulfonic group) selected from the above-mentioned examples. It should be used in such an 
amount that the resulting copolymer has a hydroxyl value of 0.1 to 100 mg KOH/g. When used in an amount 
equivalent to 0.1 mg KOH/g and over, it makes the resulting copolymer hydrophilic. as in the case of hydroxyl 
qroup-contalning one. In addition, it is useful as an internal catalyst for the range between 1 mg KOH/g and 15 io 
mq KOH/g in the case where the copolymer of the Invention is used for a thermosetting coating resin 
composition It should be used in an amount equivalent to 100 mg KOH/g and under, preferably 80 mg KOH/g 
and under, and more preferably 60 mg KOH/g and under. When used in an excessive amount, it will cause the 

same inconvenience. . ^ , ^ </r 

In the case where the polymerizable monomer (c) is an aromatic group-containing unsaturated monomer 15 
selected from the above-mentioned examples imparts chemical resistance to the resulting copolymer. 
However It has an adverse effect of the weather resistance when used In an excess amount; therefore, it 
should be used In an amount of 30 wfo/o and under, preferably 20 wto/o and under, and more preferably 1 5 wto/o 

The above-mentioned monomers (a) and (b) and optional monomer (c) constitute a copolymer composed 
of the repeating units (-A-) derived from the monomer (a), the repeating units (-B-) derived from the nnonomer 
(bl and in the case where the optional monomer (c) is used, the repeating units (-C-) derived frorn the 
monomer (c) which are amanged in an arbitrary order. The copolymer may be a random copolymer, block 
copolymer, or graft copolymer depending on how the repeating units are arranged. The foregoing applies in 
the case where the repeating units (-A-). (-B-). and (-C-) are derived from the monomers (a), (b). and (c) of 
single species, respectively. If each of the monomers (a) , (b) , and (c) Is composed of two or more compounds, 
then the repeating units would be represented by (-Ai-). (-Ag-), (-A3-) (-B1-), (-B2-). (-B3-) and (-Ci), 

^' The tyf^Mil copolymer of the present invention, therefore, is composed of the repeating units (-A-) and (-B-) 
represented by the formulas below. 



Repeating unit (-A-): 




(III) 



where Ri, R2. and Ra are defined as in the formula (I) above. 
Repeating unit (-B-): 

— tCH^-C-)— 

C=0 (IV) 

1 

o 
I 

z 

where R4 and Y are defined as in the formula (II) above. 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



5 



tSDOCID: <EP 03077 4 1 AO I > 



EP 0 337 744 A2 



According to another embodiment of tlie present invention, the copolymer contains the repeating unit (-C-) 
which is arbitrarily arranged in the polymer. Examples of the repeating unit (-C-) are shown below. 
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-fClU-C-h -f CH2-C ^- 
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The copolymer of the present invention, whicli is referred to as copolymer (P) hereinafter, can be prepared 
by any known polymerization process (such as solution polymerization, emulsion P^'^^^^'^ ^XavioS 
Dolvmerizatlon and bulk polymerization) from a polymerizable monomer mixture composed of the ultraviole 
stabrSmeHzable monomer (a) and the cycloalkyi group-contanining monomer (b) as the essential 
constituents and the optional polymerizable monomer (c) properly selected according to the intended use. 

The solvent that can be used for solution polymerization includes aromatic hydrocarbons such as toluene 
and xylene; acetic esters such as ethyl acetate and butyl acetate; ketones such as methyl ethyl ketone and 
methyl isobutyl ketone; aliphatic alcohols such as isopropanol. n-butanol. and ^butanol; and a kylene g yco 
monoalkyi ether such as ethylene glycol monomethyl ether, ethylene glycol monoethyl ether diethylene glycol 
monoelhyl ether. These solvents may be used alone or in combination with one another. In the case vvhere the 
copolymer (P) is formulated with a polyisocyanate compound, it is not desirable to ^^^^^^^ =° ^^"^^ 
aliphatic alcohols, alkylene glycol monoalkyi ethers, and water, which are reactive to the <socyanate group^ 

The solution polymerization may be carried out by the aid of an ordinary radical polymerization initiator such 
as 2 2'- azobisisobutyronitrile. benzoyl peroxide, and di-?ert-butyl peroxide, which is used in a" amo^unt of 0.1 
to 10 wtOA, of the total amount of the polymerizable monomer. The polymerization temperature should be in the 
range of room temperature to 200° C. preferably 40°C to 140" C. For the purpose of molecular weight control, 
the polymerization system may be provided with a chain transfer agent or molecular weight modifier such as 
auryl mercaptan, l-mercapto ethanol. carbon tetrachloride, and carbon ^^^-^^^^f ^ 
polymerization performed in this manner should yield a copolymer having molecular weight of 5,000-300.000, 

"''ThTco^poSme^Tprof this invention obtained as mentioned above may be neutralized with a basic 
compound, if necessary, in the case where it is used in the form of aqueous °;.,^^"«XLld?^'^'°"^ 
The basic compound includes, for example, ammonia, triethylam.ne, morpholine, and sodium hydroxide. 

The emulsion polymerization may be carried out by the aid of a polymerization initia or which includes 
pe sulfates (such as ammonium persulfate. sodium persulfate. and potassiurn persulfate). organic peroxide 
fsuch as terf-butylhydroperoxide. benzoyl peroxide, and peracetic acid), radical-forming azo compound (such 
i2yiob1SSror^trile.and2.2'-azobis(2-methy^ 

fde These initiators may be used in combination with a reducing agent (such as sodium hydrogen sulfite and 
L-ascorbiC acid to form^a redox catalyst. Also, the emulsion polymerization may be carried cut by the aid of an 
emutsifier of any kind selected from anionic surface active agents, nonionic surface 

surface active agents, ampholytic surface active agents, and polymeric surface active agents. In some cases, 
nolvmerization in the absence of emulsifier may be possible to perform. ^. j ^ , 

LTamples of the anionic surface active agent include alkyi metal alkyi sulfates (such ^J-^'Xe? a3 
suLe and potassium dodecyl sulfate), ammonium alkyi sulfates (such as ammonium dodecyl sulfa e^alky 
sufonates (such as sodium dodecyl polyglycol ether sulfate, sodium sulfoncinoate. alkali metal salt of 
sul ona ed SSin. and ammonium 'sart of sulfonated paraffin), fatty acid salts (such as sodium laurate 
fSnolamine olekte. and triethanolamine abietate), alkyi aryl sulfonates (such as sodium dodecyl benzene 
sSonate Tnd alkali metal sulfate of alkali phenol hydroxyethylene), ^gher-alM naphth^enesu^^^^^^ 
naphthalenesulfonic acid-formalin condensate, dialkylsulfosuccinates. polyoxyethylene alkyi sulfates, and 

ether sorbitan fatty acid ester, polyoxyethylene sorbilan fatty acid ester, fatty acid monoglycende (such as 
glpolCnolaurate). poly(oxyethylene-oxypropylene) copolymer, and condensate of ethylene ox.de and 

''Smpres'"' tr^'polymeSc surface active agent include polyvinyl alcohol, sodium polyrnefhacrylate. 45 
potassTur^poVmath^ ammonium polyrnefhacrylate. polyhydroxyethyl (meth)acrylate. po^hydroxypro- 

S(micSe and^opolymers composed of two or more than two kinds of the polymerizable monorners 
a?th7coStional units of Lid polymers (and other monomers). Additional examples include crown ethers 
called Dhase transfer catalyst which exhibits the surface activity. ♦ ^ >rn 

The emulsion polymerization should be carried out at a temperature in the range of room temperature to 50 
lOO-C preferably 40''C to SS-C. As in the case of solution polymerization mentioned above, the 
ooJvm^riS systern may be provided with a chain transfer agent such as lauryl mercaptan for the purpose of 
S^Xr wJighfcolor^^^^^^ the copolymer (P) of this invention obtained as mentioned above may 

be neuSr^ed with a compound such as ammonia, triethylamine. morpholine, and sodium hydrox.de 

The emulsion polymerization usually yields a copolymer having a weight-average molecular weight of 

'^ScopcSS°(S Obtained as mentioned above is used as a coating composition in the fo^m "^J so1"fl^^^ 
dispersion or powder, preferably in the liquid form prepared by dissolution or dispersion in an organic solver. 
Sr wSier Thrtrus^obtained coating composition can be made into a curable coating composition by 

incorooration with a polyisocyanate compound as a crosshnking agent 

TqKubstance obt Jned by dissolving or suspending the copolymer (P) in solvent may be used as water 
soluble acryl lacquer, acryl emulsion, and so on. ^ . , 

Examples of the above Liquid substance containing polyisocyanate compound include ..^^^^ 
cresoI-bLked hexamethylene diisocyanate. trilene diisocyanate. xylylene f "^^^V^"^^^^' .^^^^^^^^ 
diisocyanate. and n-butanol-blocked xylylene diisocyanate. They may be used alone or in combination wrth one 



10 



15 



20 



25 



30 



35 



40 



55 



60 



9 



3DOC(D: <EP 0337744A2J„> 



EP 0 337 744 A2 



another. The polyisocyanate compound should preferably be used in an amount of 5 to 100 parts by weight for 
100 parts by weight of the copolymer (P). although there is no specific limitation. 

The above liquid substance of the present invention may be incorporated with an aminoplast resin as a 
crosslinking agent to form a curable coating composition in the form of either solvent solution or aqueous 
solution. Examples of the aminoplast resin include methyf-etherified melamine resin, butyl-etherified melamine 
resin, butyl-etherified benzoguanamine resin, and butyl-etherified cyclohexylbenzoguanamine resin, and 
water-soluble products thereof. They may be used alone or in combination with one another. The aminoplast 
resin should preferably be used in an amount of 5 to 70 parts by weight tor 100 parts by weight of the 
copolymer (P), although there is no specific limitation. 

The coating composition of the present invention may be incorporated with paint additives such as curing 
catalyst to accelerate the reaction, solvent (organic solvent and/or water), filler, leveling agent, dispersing 
agent, plasticizer, stabilizer, dye. and pigment 

The coating composition of the present invention exhibits good weather resistance over a long period of 
time because it is produced from polymerizable monomers of specific composition. Accordingly, it may be 
used as a clear lacquer. Further it may be used as a colored paint by dispersing inorganic or organic pigments 
according to a known pigment dispersing method. In addition, it may also be used as a curable coating material 
upon incorporation with a crosslinking agent such as polyisocyanate compound or aminoplast resin. It is 
particularly suitable for use as a curable coating material incorporated with a polyisocyanate compound or 
aminoplast resin. The coating material produced from the copolymer of the present invention may be applied 
to metal products, plastic products, and wood products by spray coating, roller coating, or brush coating, to 
form a coating film having outstanding weather resistance. The coating composition containing the copolymer 
of the present invention provides a coating film having good weather resistance over a long period of time as 
well as good gloss, buiidability. and solvent resistance. In addition, it has good workability. Owing to these 
characteristic properties, it will find use in a broad application areas including large structures, automobiles, 
and wood products. 



EXAMPLES 

The invention will be described in more detail with reference to the following examples and comparative 
examples, in which quantities are expressed as parts by weight or wto/o. unless otherwise indicated. 

Example 1 

In a four-neck flask equipped with a stirrer, thermometer, cooler, and nitrogen gas inlet were placed 25 parts 
of toluene and 25 parts of butyl alcohol under a nitrogen stream. With the system heated to 80° C, a 
polymerizable monomer component composed of 3 parts of 4-methacryloyIoxy-1 ,2,2,6.6-pentamethylpipe- 
ridine, 47 parts of cyclohexylmethacryiate, and 0.3 parts of azobisisobutyronitrile was added dropwise over 2 
hours. The system was kept at 80° C for 4 hours. Thus there was obtained a solution containing 50.1 o/o of 
non-volatile matter or the copolymer of the present invention which has a weight-average molecular weight of 
100,000. This solution is designated as the copolymer solution (1). 

Examples 2 to 6 and Comparative Examples 1 to 6 

The same procedure as in Example 1 was repeated to prepare copolymer solutions (2) to (6) and 
comparative copolymer solutions (1) to (6), except that the polymerizable monomer, solvent, polymerization 
initiator, and polymerization temperature were changed as shown in Table 1. 



10 



EP 0 337 744 A2 



Table 1 



Exsmpl© No. 


2 


3 


4 


5 


6 


Copolymer 
solution 


(2) 


(3) 


(4) 


(5) 


(6) 


4-Methacryloy- 
loxy-2,2,6,6-te- 
tramethyl 
pipendine 






1.5 




1.8 


4-Methacryloy- 
loxy- 

1.2.2,6.6-penta- 

methyl 

pipendine 


40 


5 




15 




Cyclohexyl 
methacrylate 


- 


- 


20 


10 


- 


/-butylcyclohe- 
xyl methacrylate 


- 


20 






1 w 


/-butyl 

methacrylate 


10 


- 


- 


- 


6 


Stearyl 
methacrylate 


- 


9.5 


- 


5 


12 


Styrene 


- 


5 


- 




3 


Butyl acrylate 


- 


- 


8.0 


lO.O 


Q A 


Methyl 
methacrylate 




* 


10,0 






Hydroxyethyl 

rnt;uiciv>r yictLts 






in 






nyui wAycii lyi 

acrylate 




10 




6 


7.2 


IVIcLllaLrl yiio ol^iu 




0.5 


0.5 


0.5 


0.6 


Toluene 


35 










Xylene 






35 


40 


30 


Butyl alcohol 


15 






10 


20 


Butyl acetate 




25 


15 






2.2'-Azobisiso- 
butyronitrile 


- 


0.5 


0-5 


0.7 




Benzoyl 
peroxide 


0.2 


- 






0.5 


Dropping time 
(h) 


2 


2 


2 


2 


4 


Polymerization 

temperature 

("C) 


75 


100 


110 


100 


110 


Non-volatile 
matter (*>/o) 


60 


50 


50 


50 


50 


Weight-average 

molecular 

weight 


150000 


35000 


^oUUU 


9nnnn 


10000 


Hydroxyl value 
(mg KOH/g) 




48 


43 


29 


35 


Acid value (mg 
KOH/g) 




3.3 


3.3 


3.3 


3.9 
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Table 2 



Comparative 
Example No. 


1 




3 


4 


5 


6 


Copolymer 
solution 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


loyloxy- 
2,2.6,6-tetra- 
m ethyl 
piperidine 






5 








4-Methacry- 

ioyloxy- 

1.2.2,6,6-pen- 

tamethyl 

piperiuine 


25 








5 




Cyclohexyl 
me I nac ryiai e 


- 


10 


- 


- 


- 


- 


^-butylcy- 

clonexyi 

methacrylate 


- 


- 


- 


20 


- 


- 


oiyici IC 


25 


20 


25 


16 


5 


25 


Duiyi dUiyicilc 




20 


9.5 


11.6 


1.0 


- 


dl lyl aX^f ytaLlKS 








_ 


23.5 


20.7 


nyui uAycsii lyi 

methacrylate 






10 


_ 


_ 


- 


Hydroxyethyl 
acrylate 


- 


- 




8 


6 


4 


ivieiriacryiic 
acid 






0.5 


0.4 


0.5 


0.3 


Toluene 


OS 


40 










Xylene 






35 


30 


25 


35 


Butyl alcohol 


15 


10 






25 


15 


Butyl acetate 






15 


20 






2.2'- 

Azobisisobu- 
tyronitrile 


1.0 


2.5 




1,0 


1.0 




Benzoyl 
peroxide 


_ 


1.0 


2.0 


- 


- 


0.5 


Dropping 
time (h) 


2 


4 


2 


2 


2 


2 


Polymeriza- 
tion 

temperature 

rc) 


90 


110 


130 


100 


100 


120 


Non-volatile 
matter (o/o) 


50 


50 


50 


50 


50 


50 


Weight-aver- 
age 

molecular 
weight 


30000 


4500 


10000 


18000 


onnnn 




Hydroxyl 
value (mg 
KOH/g) 






43 


39 


29 


19 


Acid value 
(mg KOH/g) 






4.3 


2.6 


3.3 


2.0 
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Exsmpl© 7 

In the same reaction vessel as used in Example 1 was placed 40 parts of isopropyl alcohol under a nitrogen 
gas stream With the system heated to 80° C, a polymerizable monomer component composed of 3 parts of 
4-methacryloyloxy-2,2,6.6-letramelhylpiperidine. 20 parts of cyclohexylmethacrylate. 10 parts of stearyl 
acrylate, 15 parts of butyl acrylate. 5.5 parts of methyl methacrylate. 2 parts of hydroxyethyl acryiate, and 2 
parts of azobislsobutyronitrile was added dropwise over 4 hours. The system was kept at 80° C for 4 hours. The 
reaction product was neutralized with 6.3 parts of triethylamine. Thus there was obtained a sola' .on containing 
60.10/0 of non-volatile matter or the copolymer of the present invention which has a weight-average molecular 
weight of 15.000. This solution is designated as the copolymer solution (7). 

Example 7 and Comparative Examples 7 and 8 

The same procedure as in Example 7 was repeated to prepare copolymer solution (8) and comparative 
copolymer solutions (7) and (8), except that the polymerizable monomer, solvent, polymerization initiator, and 
polymerization temperature were changed as shown in Table 3. 
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Table 3 



Example 

No. 


Example 8 


Com- 
parative 
Example 7 


Com- 
parative 
Example 8 


Copolymer 
solution 


(8) 


(7) 


(8) 


4-Methac- 

ryloyloxy- 

2,2.6,6-te- 

tramethyl 

piperrdine 








4-Methac- 

ryloyloxy- 

1,2.2.6.6-p- 

entamethyl 

plperidine 


10 


- 


3 


Cyclohexyl 
methacry- 
tate 




10 


_ 


f-butylcy- 
clohexyl 

II idi icivi y 

late 


20 


_ 




f-butyl 

methacry- 

late 


10 




20 


Stearyl 

1 1 Id! ICl^^l y ' 

late 




_ 


5 


wiyi CI Its 




20 




Butyl 

di^i y icLic? 


8 


19.2 


25 


Hydrox- 
yethyl 

mpthar^rv- 
1 1 LI luvfi y 

late 


2 


5 


2 


Acrvlic 

acid 


5 


5.5 


5 


IsooroDvl 
alcohol 


40 


40 


40 


2,2'-Azob- 
isisobuty- 
ronitrile 


0.4 


1.0 


0.4 


Triethy- 
lamme 


7.0 


7.7 


7.0 


Dropping 
time (h) 




4 


o 
c. 


Polymeri- 
zation 

Icllipcla'- 

ture {^'O 


80 


80 


80 


Non-vo- 
latile 

matter (o/o) 


60.3 


59.8 


60.0 


Weight- 
average 
molecular 
weight 


20000 


10000 


20000 
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Exampte 9 

In a 0.5-iiter separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermonneter 
were placed 134 parts of deionized water. 2 parts of "Nonipol 200" (polyoxyethylene nonylphenyl made by 
Sanyo Kasei Ltd.), and 0.5 parts of "Newpol PE-68* (polyoxyethylene glycol-polyoxypropylene glycol-poly- 5 
oxyethyieneglycol triblock copolynner made by Sanyo Kasei Ltd.). The solution was heated to 65" C with stirring 
by blowing nitrogen gas. To the flask was evenly added dropwise over 2 hours pre-emulsion mixture prepared 
by adding 6 parts of "Nonipol 200", 3.5 parts of "Newpol PE-68** and 18 parts of distilled water to a 
polymerizable monomer component composed of 64 parts of 2-ethylhexyl acrylale, 130 parts of cyclohexyl 
methacrylate, 4 parts of 4-methacryloyloxy-2,2,6.6-tetramethylpiperidine. and 2 parts of acrylic acid. Until the 10 
dropwise addition was complete, 10 parts of 50/o aqueous solution of ammonium persutfate and 5 parts of 50/o 
aqueous solution of hydrogen sodium sulfite were added by portions at intervals of 10 minutes. After aging 
for 1 hour, the system was cooled. The reaction product was neutralized with 0.9 parts of 250/o ammonia water 
Thus there was obtained an aqueous dispersion (9) having a viscosity of 1500 cps and containing 500/o of 
non-volatile matter or the copolymer of the present invention. 15 

Example 10 and Comparative Examples 9 and 10 

The same procedure as in Example 9 was repeated to give the copolymer aqueous dispersion (10) and 
comparative copolymer aqueous dispersions (9) and (10). except that the composition of the polymerizable 
monomer component was changed as shown in Table 4. 20 
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Table 4 



5 


Example 
No. 


Example 
10 


Com- 
parative 
Example 9 


Com- 
parative 
Example 
10 


10 


Copolymer 

aqueous 

dispersion 


(10) 


(9) 


(10) 


15 


4-Methac- 

ryloyloxy- 

2.2.6.6-te- 

tramethyl 

piperidine 




4 




20 


4-Metiiac- 

r/Ioyloxy- 

1,2,2,6,6-p- 

entamethy! 

piperidine 


20 


- 


- 




Cyclohexyl 
methacry- 
late 


_ 




60 


25 


/-butylcy- 

clohexyl 

mpthacrv- 

late 


60 


_ 


_ 


30 


r-butyl 

m*i th a rv- 

■ 1 ic 11 loixrfi y 

late 


20 


- 


- 


35 


oioaryi 

methacry- 

late 








Styrene 


24 




60 




Methyl 
me in aery- 
late 




120 




40 


2-Ethvlhe- 
xyl acrylate 


74 


74 


78 




Acrylic 
acid 


2 


2 


2 


45 


Non-vo- 
latile 

matter (o/o) 


50 


50 


50 




Viscosity 
(cps) 


800 


2000 


1000 



50 



Examples 11 and 12 and Comparative Examples 11 and 12 

Copolymer solutions (1) and (2) obtained in Examples 1 and 2 and comparative copolymer solutions (1) and 
55 (2) obtained in Comparative Examples 1 and 2 were made into coating compositions (1) and (2) and 
comparative coating compositions (1) and (2) according to the following formulation. 



60 



65 



Formulation 

Copolymer solution or 100 parts 

comparative copolymer 

solution: 

Toluene: 33 parts 

Butyl alcohol: 33 parts 



16 



JOOCID: <EP 0337744A2_I_> 



EP 0 337 744 A2 



The resulting coating composition was applied by spraying to a white plate which is a zinc 
phosphate-treated plate coated with two-pack urethane resin enamel. After drying at room temperature for 1 
week thTcoating tiim was tested for performance. The coating film was 20 ^m thick. The results are shown m 
Table 5. It is noted that the coating film has outstanding weather resistance. 

Table 5 





Example 11 


Example 12 


Comparative 
Example 11 


Comparative 
Example 12 


Copolymer solution 


(1) 


(2) 


V^Ui i IfJdi alive \ 1/ 


Comparative (2) 


Coating 
composition 


(1) 


/ov 
(2) 


OOrnpal dllVt? \ lf 


Comparative (2) 


Gloss (60°) 


99.0 


90.0 


96.0 


97.0 


Buildability (visual) 


Excellent 


Good 


Good 


Good 


W-O-M (2000 
hours) 










Gloss retention 

m 


95 < 


95 < 


70 


20 


Discoloration 
resistance AE 


2> 


2> 


3.5 


17.5 


Crack resistance 


Excellent 


Excellent 


Poor 


Poor 


Blister resistance 


Excellent 


Excellent 


Poor 


Poor 



Examples 13 and 14 and Comparative Examples 13 and 14 . /^x ^ o/. 

Copolymer solutions (1) and (2) obtained in Examples 3 and 4 and comparative copolymer sokjtions (1) and 30 
(2) obtained in Comparative Examples 3 and 4 were made into coating compositions (3) and (4) and 
comparative coating compositions (3) and (4) according to the following formulation. 

Formulation 

Copolymer solution or 100 parts 

comparative copolymer 

solution: 

"Sumidule N"*: * 20-22 parts 

Xylene: 12-14 parts 

Toluene: 10 parts 

Ethyl acetate: 10 parts 

Butyl acetate: 10 P^rts 

(* 750/0 solution of hexamethylene diisocyanate 
made by Sumitomo Bayer Urethane Co.. Ltd.) 

The resulting coating composition was applied by spraying to a white Pjf^ which is a zinc 
phosphate-treated plate coated with two-pack urethane resin enamel. After baking at SO'^C for 30 minutes and 
S dSor one day. the coating film was tested for performance. The coating film was 30 ^tm thick. The 50 
results are shown in Table 6. It is noted that the coating film has outstanding weather resistance. 
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Table 6 



10 



15 



20 



25 



30 



35 



40 



45 



50 





Example 13 


Example 14 


Comparative 
Example 13 


Comparative 
Example 14 


Copolymer solution 


(3) 


(4) 


Comparative (3) 


Comparative (4) 


Coating 
composition 


(3) 


(4) 


Comparative (3) 


Comparative (4) 


Gloss (60°) 


98.0 


97,5 


90 


94 


Buildability (visual) 


Excellent 


Excellent 


Good 


Excellent 


W-O-M (2000 
hours) 










Gloss retention 

(0/0) 


95 < 


95 < 


35 


15 


Discoloration 
resistance AE 


3 


2> 


6.6 


12.0 


Crack resistance 


Excellent 


Excellent 


Poor 


Poor 


Blister resistance 


Excellent 


Excellent 


Poor 


Poor 


Solvent resistance* 


Excellent 


Excellent 


Excellent 


Excellent 



* Surface state observed after rubbing (100 times) with a cloth moistened with xylene. 

Example 15 and Comparative Example 15 

Copolymer solution (4) obtained in Example 4 and comparative copolymer solution (4) obtained in 
Comparative Example 4 were made into coating compositions (5) and comparative coating compositions (5) 
according to the follow ing formulation. 



Formulation 

Copolymer solution or 

comparative copolymer 

solution: 

CR-95: * 

Xylene: 

Butyl acetate: 

Glass beads (3 mm in 

dia.) : (mixed by a paint 

shaker for 60 min to 

give a white base.) 

"Sumidule N": 

Xylene: 

Toluene: 

Ethyl acetate: 

Butyl acetate: 



100 parts 



43 parts 
16 parts 
10 parts 
100 parts 



20 parts 
14 parts 
20 parts 
20 parts 
27 parts 



r Rutile-type titanium oxide, made by Ishlhara 
Sangyo Co., Ltd.) 

( * • 750/0 solution of hexamethylene diisocyanate 
made by Sumitomo Bayer Urethane Co., Ltd.) 



55 



The resulting coating composition was applied by spraying to a zinc phosphate-treated plate. After baking at 
80 C for 30 minutes and air-drying for one day, the coating film was tested for performance. The coating film as 
40 um thick. The results are shown in Table 7. It is noted that the coating film has outstanding weather 
resistance. 
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Table 7 



I 


Example 15 


Comparative 
Example 15 


solution 


(4) 


Comparative 
(4) 


Coating 
composition 




Comparative 
(5) 


Gloss (bU ) 


94 


93 


Buildability 
(visual) 


Excellent 


Excellent 


W-O-M (2000 
hours) 






Gloss 

retention \y/o} 


95 < 


20 


Discoloration 
resistance AE 


2> 


7.5 


Crack 
resistance 


Excellent 




Blister 
resistance 


Excellent 


Excellent 


Solvent 
resistance 
1 (xylene) 


Excellent 


Excellent 



10 



15 



20 



25 



Examples 16 and 17 and Comparative Examples 16 and 17 ^ 
Copolymer solutions (5) and (6) obtained in Examples 5 and 6 and comparative copolymer solutions (5) and 
(6) obtained in Comparative Examples 5 and 6 were made into thermosetting coating compositions (6) and (7) 
and comparative thermosetting coating compositions (6) and (7) according to the following formulation. 



Formulation 



100 parts 



27.8 parts 



Copolymer solution or 
comparative copolymer 
solution: 
"Superbekkamin 
47-508-60": • 

Xylene: 19.5 parts 

Butyl alcohol: 19-5 parts 

(* 600/0 solution of butylated melamine resin made 
by Dainlppon Ink & Chemicals, Inc.) 

The resulting coating composition was applied by spraying to a white P'^te which is a zinc 
Dhosphate-lreated plate coated with two-pack urethane resin enamel. After baking at 160 C for 20 minutes, 
the coating film was tested for performance. The results are shown in Table 8. It is noted that the coating film 
has outstanding weather resistance. 
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Table 8 



10 



15 





Example 16 


Example 17 


Comparative 
Example 16 


Comparative 
Example 17 


Copolymer solution 


(5) 


(6) 


Comparative (5) 


Comparative (6) 


Coating 
composition 


(6) 


(7) 


Comparative (6) 


Comparative (7) 


Gloss (60^) 


91 


92 


86 


90 


Buildability (visual) 


Excellent 


Excellent 


Fair 


Good 


W-O-M (2000 
hours) 










Gloss retention 
(O/o) 


95 < 


95 < 


40 




Discoloration 
resistance AE 


2> 


2> 


6.2 


22.5 


Crack resistance 


Excellent 


Excellent 


Fair 


Poor 


Blister resistance 


Excellent 


Excellent 


Poor 


Poor 


Solvent resistance 
(xylene) 


Excellent 


Excellent 


Excellent 


Good 



Examples 18 and 19 and Comparative Examples 18 and 19 

Copolymer solutions (7) and (8) obtained in Examples 7 and 8 and comparative copolymer solutions (7) and 
(8) obtained in Comparative Examples 7 and 8 were made into thermosetting coating compositions (8) and (9) 
and comparative thermosetting coating compositions (8) and (9) according to the following formulation. 

30 

Formulation 

Copolymer solution or 
comparative copolymer 
solution: 

"Sumimar M40S'': * 
Isopropyl alcohol: 
Butyl cellosolve: 
Water: 

40 

(* 80% solution of methylated melamine resin 
made by Sumitomo Chemical Industries Co.. Ltd.) 

The resulting coating composition was applied by spraying to a white plate which is a zinc 
45 phosphate-treated plate coated with two-pack urethane resin enamel. After baking at 140°C for 20 minutes, 
the coating film was tested for performance. The results are shown in Table 9. It is noted that the coating film 
has outstanding weather resistance. 



100 parts 

25 parts 
40 parts 
10 parts 
25 parts 
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Table 9 



Copolymer solution 



Example 18 



(7) 



Coating 
co mposition 

Gloss (60°)" 



Buildability (visual) 



W-O-M (2000 
hours) 



Gloss retention 

m 



Discoloration 
resistance AE 



Crack resistance 



Blister resistance 



Solvent resistance 
(xylene) 



(8) 



97.5 



Excellent 



95 < 



Example 19 



J8[ 
(9) 



96.0 



Comparative 
Example 18 



Comparative (7) 



Comparative (8) 



96.0 



Excellent 



95 < 



1> 



Excellent 



Excellent 



Excellent 



1> 



Excellent 



Excellent 



Excellent 



Excellent 



Comparative 
Example 19 



Comparative (8) 



Comparative (9) 



92.0 



20 



15.5 



Poor 



Fair 



25 



4.5 



Poor 



Poor 



Excellent 



Poor 



Excellent 



Examples 20 and 21 and Co-T-par^J^e^^^^^ comparative copolymer 

copolymer aqueous dispersions (9) and <10) ^''^^"^^ ^^^^^^^ 9 ^^d 10 were made Into coating 

Xpos^^^^^^^ '^S':^^oJ:^^"^0, and (11, according to t.e following 

formulation- 



Formulation 

Copolymer dispersion 
or comparative 
copolymer dispersion: 
Texanol: 



100 parts 
4 parts 



outstanding weather resistance. 



Table 10 



Copolymer solution 



Coating 
composition 



Gloss (60°) 



Buildability (visual) 



W-O-M (2000 
hours) 



Gloss retention 

(0/0) 



Discoloration 
resistance AE 



Crack resistance 



Example 20 



(9) 



(10) 



88.5 



Excellent 



95 < 



1> 



Excellent 



Blister resistance 



Excellent 



Example 21 



(10) 



(11) 



86.0 



Excellent 



95 < 



1> 



Excellent 



Excellent 



Compswative 
Example 20 



Comparative (9) 
Comparative (10) 



81 



Poor 



70 



2.5 



Fair 



Fair 



Comparative 
Example 21 



Comparative (10) 
Comparative (11) 



88 



Excellent 



40 



13.5 



10 



15 



20 
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Claims 



1. An ultraviolet-stable copolymer which is obtained by copolymerizing a polymerizable monomer 
mixture composed of an ultravioiet-stabie polymerizable monomer (a) and a cycloaikyi group-containing 
polymerizable monomer (b) as essential constituents. 

2. A copolymer as claimed in Claim 1 wherein the ultraviolet-stable polymerizable monomer (a) is one 
which is represented by the general formula (I) below. 

O 




where Ri denotes a hydrogen atom or cyano group; R2 and R3 independently denote a hydrogen atom or 
alkyi group having 1-2 carbon atoms; X denotes an imino group or oxygen atom; and Y denotes a 
hydrogen atom, alkyI group having 1-18 carbon atoms, or 



-C - C = CH 
II I I 
0 R2 R3 



{where R2 and R3 are defined as above). 

3, A copolymer as claimed in Claim 1 wherein the cycloaikyi group-containing polymerizable monomer 
(b) is one which is represented by the general formula (II) below. 

CH2 = C 

0=0 (II) 

1 

0 



where R4 denotes a hydrogen atom or alkyI group having 1-2 carbon atoms; and Z denotes a cycloaikyi 
group which may have a substituent group. 

4. A copolymer as claimed in Claim 1 which is composed of two kinds of groups (-A-) and (-B-) 
connected to each other in an arbitrary order, (-A-) representing the group originating from the 
ultraviolet-stable polymerizable monomer (a), with the ring thereof opened upon polymerization, and (-B-) 
representing the group originating from the cycloaikyi group-containing polymerizable monomer (b), with 
the ring thereof opened upon polymerization. 

5. A copolymer as claimed in Claim 1 which is obtained from the polymerizable monomer mixture 
containing 0,1-95.0 wto/o of the ultraviolet-stable polymerizable monomer (a). 

6. A copolymer as claimed in Claim 1 which is obtained from the polymerizable monomer mixture 
containing 5.0-99.9 wto/o of the cycloaikyi group-containing polymerizable monomer (b). 

7. A copolymer as claimed in Claim 1 which is obtained from the polymerizable monomer mixture 
containing, in addition to the ultraviolet-stable polymerizable monomer (a) and cycloaikyi group-contain- 
ing polymerizable monomer, (b), a polymerizable monomer (c). 

8. A copolymer as claimed in Claim 1 wherein the cycloaikyi group-containing monomer (b) is 
cyclohexyl (meth)acrylate and/or terf-butylcyclohexyl {meth)acrylate. 

9. A copolymer as claimed in Claim 7 wherein the polymerizable monomer (c) is at least one member 
selected from the group consisting of fer/-butyl (meth)acrylate and stearyl (meth)acrylate. 

10. A copolymer as claimed in Claim 7 wherein the polymerizable monomer (c) is a hydroxyl 
group-containing monomer which is used in such an amount that the resulting copolymer has a hydroxyl 
value of 0.1 to 200 mg KOH/g. 

11. A copolymer as claimed in Claim 7 wherein the polymerizable monomer (c) is an acid functional 
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group-containing monomer which is used In such an amount that the resulting copolymer has an acid 
value of 0. 1 to 1 00 mg KOH/g. 

12. A process for producing a copolymer which comprises copolymerlzing a monomer mixture 
composed of an ultraviolet-stable polymerizable monomer (a) and a cycloalkyi group-containing 
polymerizable monomer (b) as essential constituents. 5 

13. A process for producing a copolymer as claimed in Claim 12 wherein the ultraviolet-stable 
polymerizable monomer (a) is one which is represented by the general formula (I) below. 

0 

= CH 
1 

R3 (I) 

15 



where Ri denotes a hydrogen atom or cyano group; R2 and R3 independently denote a hydrogen atom or 

alkyi group having 1-2 carbon atoms; X denotes an imino group or oxygen atom; and Y denotes a 20 

hydrogen atom. alkyI group having 1-18 carbon atoms, or 

-C - C - CH 
II I I 
O R2 R3 




(where R2 and R3 are defined as above). 

14. A process for producing a copolymer as claimed in Claim 12 wherein the cycloalkyi group-containing 
polymerizable monomer (b) is one which is represented by the general formula (II) below. 30 



CH;, = C 

C=0 (II) 



35 



40 



where R4 denotes a hydrogen atom or alkyI group having 1-2 carbon atoms; and Z denotes a cycloalkyi 
group which may have a substituent group. 

15. A process for producing a copolymer as claimed in Claim 12 wherein the polymerizable monomer 
mixture contains 0.1-95.0 wfo/o of the ultraviolet-stable polymerizable monomer (a). 

16. A process for producing a copolymer as claimed in Claim 12 wherein the polymerizable monomer 45 
mixture contains 5.0-99.9 wto/o of the cycloalkyi group-containing polymerizable monomer (b). 

17. A process for producing a copolymer as claimed in Claim 12 wherein the polymerizable monomer 
mixture contains, in addition to the ultraviolet-stable polymerizable monomer (a) and cycloalkyi 
group-containing polymerizable monomer, (b), a polymerizable monomer (c). 

1 8. A process for producing a copolymer as claimed in Claim 1 2 wherein the cycloalkyi group-containing 50 
monomer (b) iscyclohexyl (meth)acrylate and/or ferf-butylcyclohexyl (melh)acrylate. 

19. A process for producing a copolymer as claimed in Clairn 17 wherein the polymerizable monomer (c) 
is at least one member selected from the group consisting of te/t-butyl (meth)acry!ate and stearyl 
(meth)acrylate. 

20. A process for producing a copolymer as claimed in Claim 17 wherein the polymerizable monomer (c) 55 
is a hydroxyl group-containing monomer which is used in such an amount that the resulting copolymer 

has a hydroxyl value of 0.1 to 200 mg KOH/g. 

21. A process for producing a copolymer as claimed in Claim 17 wherein the polymerizable monomer (c) 
is an acid functional group-containing monomer which is used in such an amount that the resulting 
copolymer has an acid value of 0.1 to 100 mg KOH/g. 60 

22. A coating composition which comprises the copolymer claimed in Claim 1 and a solvent for 
dissolution or dispersion. 

23. A coating composition as claimed in Claim 22 wherein the solvent is used in an amount of 40 to 235 
parts by weight for 100 parts by weight of the copolymer. 

24. A curable coating composition which comprises the copolymer claimed in Claim 10, a crosslinking 65 
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agent, and a solvent for dissolution or dispersion. 

25. A curable coating composition as claimed in Claim 24, wherein the crosslinking agent is a 
polyisocyanate or a modified product thereof. 

26. A curable coating composition as claimed in Claim 25 wherein the polyisocyanate or a modified 
5 product thereof is used in an amount of 5 to 1 00 parts by weight for 1 00 parts by weight of the copolymer. 

27. A curable coating composition as claimed in Claim 24 wherein the crosslinking agent is an aminopiast 
resin. 

28. A curable coating composition as claimed in Claim 27 wherein the aminopiast resin is used in an 
amount of 5 to 70 parts by weight for 100 parts by weight of the copolymer. 

10 
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@ Ultraviolet-stable copolymer. Process for producing the same, and coating composition containing 
the same. 
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@ Provided herein are a copolymer obtained by 
copolymerizing at least an ultraviolet-stable poly- 
merizable monomer and a cycloalkyi group-contain- 
ing polymerizable monomer, a process for producing 
said copolymer, and a coating composition contain- 
ing said copolymer. The copolymers retains out- 
standing weather resistance over a long period of 
time owing to the multiplicated effect of an 
ultraviolet-stable monomer and a cycloalkyi group- 
containing polymerizable monomer, and the coating 
composition containing the copolymer forms a coat- 
ing film having superior gloss, buildability. solvent 
resistance, and chemical resistance. 
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